Introduction
Even though food is generally made from natural materials, it is not stable during a period of time. When they are kept, especially under inadequate conditions, some changes may occur in terms of sensory characteristics (odour, taste, colour), resulting in its spoilage [1] . More often, some synthetic materials are added to food (additives) in order to preserve the original characteristics. The reports of some research findings are related to food ingredients such as vitamins, polyphenols, terpenes, fatty acids, etc., as well as to various types of food (animal and vegetable products). Plant products, such as fruit, are characterized by the presence of various substances and different effects on the human body [2] . The effect of antioxidants found in those raw materials is multiple on human health, and one of major factors with influence on the prevention of many tumour diseases [3] . Plant parts make an important source of nutrients and other nutritive substances having, without any doubt, a positive impact on human health [4] .
Some species of the genus Cucurbita L. are also interesting for studying. In addition to the investigation for possible use in the production of biodiesel [5] , or for therapeutic use [6] , the pumpkin is also interesting for the use in food technology. The effect of the drying treatments on the texture and colour of pumpkin has been studied [7] , as well as the use of the ones in the wheat bread production [8] . In this respect, the changes in the chemical composition of pumpkin seeds during the roasting process were monitored [9, 10] , as well as its antioxidant activity [11] . Characterization of the chemical composition of the seeds Cucurbita maxima proved that they were rich in proteins and fibres, and in oil, which also has the antioxidant activity, oleic, linoleic and palmitic acids were detected [12] .
To our best knowledge, there are no literature data dealing with comparative analysis of volatiles of different parts of pumpkin. This work aims to the determination of volatiles from the fruit, leaf and seed of that plant species, as well as the comparison of the obtained results with those provided by available publications. Thus, our purpose was to determine the yield of seed oil from the above mentioned plant, as well as the fatty acid composition and antioxidant activity, which would give new ideas of using those raw materials in food industry and resulting in additional profits.
Experimental

Plant material
For the isolation of fatty oil, the identification and quantification of fatty acids, the seeds of the pumpkin Cucurbita assay ≥98.5%, DPPH (2,2-Diphenyl-1-picrylhydrazyl) assay 90% were purchased from Sigma.
Isolation of the volatiles (VS)
The plant material was comminuted and passed through the screen of 6 mm holes. The material was put into a round-bottom flask of 2 l, and the hydrodistillation process was performed using a Clevenger-type apparatus [13] . The VS were taken up in cyclohexane (1 ml), which was inserted in a graduated tube of the apparatus. The solutions were stored for a few hours at 4 °C in the dark until being analyzed by GC.
The isolation of the fatty oil and the preparation of fatty acid methyl esters (FAME)
After comminuting in the mill, the oil from 40 g of seeds was extracted by 300 ml of petroleum ether in the Soxhlet extractor. The extraction lasted for 8 cycles. The prepared extract was dried with anhydrous sodium sulphate, filtrated and evaporated in a rotary vacuum evaporator at 50 °C to the dryness. The oily residue obtained was weighed and the yield of the oil expressed as g of oil/kg of the plant material. One part of isolated oils was tested to their antioxidant properties, while the other part was used for conversion of their triglycerides into fatty acid methyl esters (FAME) and their further characterization by gas chromatography (GC).
The preparation of fatty acid methyl esters was carried out according to the AOAC method (965.49) [14] . In 125 ml of benzene and methanol abs. mixture (1+3), 2 g of sulphuric acid was added. In the 125 ml flask, 1 g of the oil was weighed and dissolved in 60 ml of the acid mixture. The condenser was placed and it was heated under reflux for 2.5 h. After cooling, the mixture was transferred to a separation funnel of 250 ml and 100 ml of distilled water was added. The mixture was washed twice with 50 ml of petroleum ether and once again with 20 ml of distilled water. Then, it was passed through an anhydrous sodium sulphate and partially evaporated. As an indicator for proving that evaporation was complete, the methyl red indicator was used. After partial evaporation, the sample was analyzed using GC-FID/GC-MS technique.
The similar procedure was used for methylation the standards of free fatty acids. In 125 ml of methanol abs., 2 g of sulphuric acid was dissolved. 2.0 g of a fatty acid standard was weighed in the flask and then dissolved into 60 ml of the acid mixture. Further procedure was the same as for the sample, except that reflux was carried out for 1 h.
Gas chromatography (GC) Analytical gas chromatography (GC-FID) and the combination of gas chromatography and mass spectrometry (GC-MS) were used for the characterization of FAME originated from tested fatty oils and appropriate volatiles trapped in a graduated tube of the Clevenger type apparatus used.
GC-FID analysis was carried out on a HP-5890 Series II GC [Hewlett-Packard, Waldbronn (Germany)], equipped with split-splitless injector and automatic liquid sampler (ALS), attached to HP-5MS column (30 m × 0.25 mm, 0.25 µm film thickness) and fitted to flame ionization detector (FID). Carrier gas flow rate (H 2 ) was 1 ml/min, split ratio 1:30, injector temperature was 250 °C, detector temperature 300 °C, while column temperature was linearly programmed from 40 °C to 260 °C (at a rate of 4 °C/min), and then kept isothermally at 260 °C for 10 min. For the analysis of FAME, sample solutions in petroleum ether (2 g/25 ml) were consecutively injected by ALS (2 µl). In the case of the analysis of VS sample, the solutions were prepared in cyclohexane (in conc. of approximately 10 g/l) and injected in the same way as previous ones.
The same analytical conditions as those mentioned for GC-FID were employed for GC-MS analysis, along with column HP-5MS (30 m × 0.25 mm, 0.25 µm film thickness), using HP G 1800C Series II GCD system [Hewlett-Packard, Palo Alto, CA (USA)]. Helium was used as a carrier gas. Transfer line was heated at 260 °C. Mass spectra were acquired in EI mode (70 eV) in m/z range 40-450.
In the case of both types of the samples (FAME and VS), constituents were identified by the comparison of their mass spectra with those stored in MS libraries (Wiley 275, NIST05 and Adams2007), using different search engines (PBM, NIST 2.0), as well as using calibrated AMDIS (ver. 2.64) for determination and comparison of retention indices [15] . Similarly, in both cases the quantification of present constituents was achieved by a normalization method, based upon the area percent report obtained by GC-FID. Statistics has been covered by FID specification (results with a range of deviation for the level 1%).
Determination of antioxidant activity of the fatty oil (RSA)
The analysis was performed in triplicate by the method Kalantzakis et al. [16] . It was the made oil solution in ethyl acetate (100 g/l). 1 ml of this solution was mixed with 4 ml of a freshly prepared DPPH solution (10 -4 mol in ethyl acetate). The mixture was shaken for 10 s in the Vortex shaker and the vessel with the solution was kept in the dark for 30 min. The absorbance of the solution was measured at 515 nm, as compared to the blank assay (without radicals). The control sample (without oil) was prepared and measured. DPPH
• concentration in the reaction medium was calculated using a calibration curve (R • in the control sample (t=0) and in the mixture tested after the 30-min reaction, respectively.
All the experiments were repeated three times and the results are given as the mean value ± standard deviation. Statistical differences between the results were estimated by using one-way ANOVA followed by Tukey's HSD post hoc test (SPSS, version 17). The differences were considered to be significant at p<0.05.
Results and discussion
The content of kernels in seeds amounted to 755 g/kg. The loss on drying and total ash in kernels was 4.8% and 4.7% (w/w), respectively.
Volatile substances
The VS, which were identified in the tested parts of the plant, are shown in Table 1 . The fruit, leaf and seed (kernel) are characterized by the presence of benzaldehyde (22.1%, 7.1%, 7.0%, respectively).
Among the VS of the pumpkin fruit, heneicosane (46.5%), benzaldehyde (22.1%) and tricosane (8.1%) were prominent. The leaf was abundant in (2E)-hexenal (46.2%), benzaldehyde (7.1%), (E)-β-damascone (5.2%), trans-α-bergamotene (4.8%), (E)-β-ionone (4.6%), while the alkanes were less present, except nonadecane (10.0%). The seed was characterized by a high content of heptadecane (22.3%), tetradecane (18.8%), octadecane (17.8%), hexadecane (16.5%) and tridecane (7.8%), as well as benzaldehyde (7.0%).
Siegmund and Murkovic [10] identified some components in the headspace of crushed and roasted Cucurbita pepo seed, which were mostly phenylacetaldehyde, 2-methylbutanal, 3-methylbutanal, benzaldehyde, hexanal, 2,5-dimethylpyrazine and others. The oil compositions The yield of the oil after extraction from the seeds and evaporation was as follows: 453 g/kg. Test results of the fatty acid oil composition, compared to other oil composition, are shown in Table 2 . Within the pumpkin seed oil, among registered 8 fatty acids 6 were identified, which amounts to 96.7% of the total mass. Linoleic and oleic acids were dominant (46.1 and 29.4%, respectively). Other identified acids were palmitic (14.8%), stearic (6.0%), arachidic (0.3%) and palmitoleic acid (0.2%).
In Cucurbita maxima seed oil Rezig et al. [12] identified oleic (44.11%), linoleic (34.77%), palmitic (15.97%), and stearic acid (4.68%). Also, as in our oil, they identified arachidic acid (0.41%). The results are also in agreement with the results of Schinas et al. [5] , according to which linoleic (43.72%), oleic (37.07%), palmitic (12.51%) and stearic acid (5.43%) are dominant in the seed oil Cucurbita pepo.
Antioxidant activity of oils
The RSA (%) of the oil are shown in Table 3 , compared to other oils. RSA of Cucurbita maxima was 43.9%. Rezig et al. [12] obtained a slightly lower activity value from the pumpkin seed oil (36.2%). Kalantzakis et al. [16] evaluated the effect of heating on the antioxidant activity of several oils. The results showed that the heating caused a decrease of antioxidant activity, mostly notable in virgin olive oil and least in soybean oil. Table 2 . Fatty acids present in the pumpkin seed oil compared to other oils (%, w/w) % (w/w) -mass percent defined by the peak area percent determined by integration (GC-FID) * -Results for SFE ** -Results for one of several samples * -Results were expressed as the mean of triplicates ± standard deviation and the values with different superscript letters within a column were significantly different (Tukey's HSD test, p < 0.05) ** -Radical activity before heating Table 3 . Radical scavenging activity of pumpkin seed oil compared to other oils (%)
Conclusion
Among the identified volatile compounds of the pumpkin seed, alkanes were prominent, heneicosane and benzaldehyde with the fruit, while the leaf was rich in (2E)-hexenal and benzaldehyde. Test results of the fatty acid composition of the oil indicated the presence of unsaturated fatty acids (linoleic, oleic, palmitoleic and arachidic acid) and saturated fatty acids (palmitic and stearic acid). Linoleic and arachidic acid are poly-unsaturated omega-6 fatty acids, while oleic acid is a monounsaturated omega-9 fatty acid, and palmitoleic acid is an omega-7 mono-unsaturated acid. The highest proportion of the pumpkin seed oil is composed of linoleic and oleic acid.
Current evidence suggests that dietary factors may directly affect atherogenesis. The identification of benzaldehyde in plant parts shows the presence of amygdaline, the deficiency of which is related to body disorders and diseases. Pumpkin seeds are the source of fatty acids, as well as other ingredients which, in addition to their antioxidant activity, are also the carriers of some other activities. According to literature data, some of the identified components have various activities (e.g. antioxidant, antimicrobial), and therefore, the consumption of such products is of great importance and very beneficial for human health.
It is of such consequence to the food technology that it can process other secondary parts of pumpkin as well (seed, leaf), and in this way provide additional benefits in the form of profit. More important, these benefits have generally resulted in the introduction of new products to the market based on natural compounds.
